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ABSTRACT: Ranunculus hirtellus, also known as crowfoot (buttercup), has a | , Phyachemcls
rich tradition of use in various biological contexts. While antibacterial studies on starch (" g ) |
extracts from this plant have been conducted, the phytochemical composition, e << \

A ,
Salivary amylase “¥58

+

antioxidant properties, and antidiabetic effects remain unexplored. In this study, ~ guoer =~ ~ R '
the phytochemical, antioxidant, and antidiabetic effects of its methanol and | o %“ R 1
aqueous extracts were investigated. Our approach involved gas chromatography— e § y
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mass spectrometry (GC/MS), alongside quantitative and qualitative methods, for ()\\Q'",f"‘f—’ € é
phytochemical profiles. Additionally, concerning biological activities, the

antioxidant effect was assessed through 2, 2-diphenyl-pieryl hydrazyl (DPPH) =
and 2, 2'-azino-bis (3-ethylbenzothiazoline-6-sulfonate) (ABTS) assays, while —
the antidiabetic effect was examined through the a-amylase inhibitory assay. The - b o e
chloroform, ethyl acetate, and n-hexane extracts of R. hirtellus revealed the (e O e

presence of 14 distinct compounds. In the methanol extract, sterols, quinones,

glycosides, lactones, lignin, and flavonoids were identified. The aqueous extract contained sterols, alkaloids, glycosides, triterpenes,
terpenoids, quinones, leucoanthocyanins, and lactones. The total flavonoid content (TFC), total phenolic content (TPC), total
tannin content (TTC), and reducing sugar content (RDC) were determined in plant extracts, and a linear relationship was found
between these parameters. Additionally, the TTC, TPC, and TFC values for both extracts hovered around 0.3786, 0.0476, and
0.1864 pug/mL, respectively, across all plant concentrations, while RDC ranged from 0.9336 to 1.0119 ug/mL in all four extracts. In
vitro assays demonstrated dose-dependent antidiabetic activity in both methanolic and aqueous extracts by inhibiting a-amylase.
Furthermore, the antioxidant activity observed in the DPPH assay was greater in the aqueous extract compared with the methanolic
extract. In addition, the ethyl acetate extract exhibited the highest inhibition among chloroform and n-hexane in the ABTS assay. The
results suggest that R. hirtellus can be a potential source of natural antioxidants and antidiabetic agents, and further studies are
warranted to investigate the underlying mechanisms of its therapeutic effects.
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Bl INTRODUCTION The free-radical-induced oxidative stress is a recognized
contributor to degenerative diseases.” This phenomenon
contributes to the development of diabetes mellitus (DM)
and a multitude of other health conditions, impacting
metabolic processes and overall well-being.® Therefore,
oxidative stress remains a therapeutic target to manage various
diseases, including diabetes. Antioxidants play a pivotal role in

Diabetes mellitus (DM) is a metabolic condition distinguished
by increased levels of glucose in the bloodstream and manifests
in two main types.' Type 1 DM arises from insufficient insulin
secretion due to an autoimmune response,” while Type 2 DM
results from the body’s impaired capacity to efficiently utilize

insulin due to cells’ resistance to insulin.> Untreated diabetes defending the body against different diseases. They regulate
can exert wide-ranging effects on the body, contributing to free radicals and oxidative reactions, forming an integral part of
various complications. Globally, diabetes prevalence is the body’s defense mechanisms.” This includes protection
increasing, with an estimated 4.4% projected by 2030." a- against various diseases, including cancer’ and diabetes.'’

Amylase, a pivotal enzyme in carbohydrate digestion, plays a

crucial role in the regulation of blood glucose levels. A plethora Received: October 31, 2023
of research is exploring the potential of a-amylase inhibitors to Revised:  April 25, 2024
manage hyperglycemia by delaying carbohydrate digestion in Accepted: April 30, 2024
the gastrointestinal tract (GIT).” However, synthetic inhibitors Published: May 8, 2024

have been associated with side effects,’ underscoring the need
for safe and effective alternatives.
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Natural products with a@-amylase inhibitory and antioxidant
properties have gained attention in diabetes research'' due to
fewer side effects and easy availability.” Modern medicines are
often derived from medicinal plants,'> which have been used
globally for their hypoglycemic '~ and antioxidant properties'**
to cure different diseases”''® through different mecha-
nisms.'”'*"® Ranunculus, a genus comprising approximately
600 plant species within the Ranunculaceae family, thrives in
diverse environments from pastures and meadows to low-lying
wetlands and cold alpine mountains.'” In Pakistan, this family
boasts 28 species.”” The genus exhibits remarkable morpho-
logical and physiological variability, reflecting its strong
adaptability.”” In China, eight Ranunculus species are used in
traditional folk medicine.”” Ranunculus hirtellus Royle is a
member of this family and is restricted to temperate and
subalpine altitudes,”" altitude ranges from 800 to 3000 m. R.
hirtellus Royle is a perennial, erect, or decumbent herb,”* and
its flowers are solitary or several, yellow.”® R. hirtellus Royle is
particularly pubescent, having fibrous and fusiform roots that
are endemic to the Himalayas.”* It is distributed in the
northeast Himalayas, spanning temperate, subalpine, and
alpine slopes.”* The plant is found at elevations ranging from
2000 to 4500 m.** Its habitat extends across Jammu and
Kashmir states, Uttarakhand, Sikkim, Himachal Pradesh, and
Arunachal Pradesh.”* Additionally, it is also present in Nepal,
Tibet, Pakistan, and Afghanistan.24 R. hirtellus has a fascinating
array of traditional uses including cure of testes swelling,”
anthelminthics,* antiaging agents,27 antigout agents,28 and
antimicrobials.” It even aids in wound healing®’ and serves as
livestock feed.”® Its traditional use against diabetes and
oxidation has not been reported. Additionally, its phytochem-
ical, antioxidant, and antidiabetic potential remain unexplored.

Although several medicinal plants possess antidiabetic effects
via the reduction of oxidative stress and inhibition of a-
amylase, the plant R. hirtellus remains relatively unexplored in
this context. Thus, this is the first study that aims to investigate
phytochemical constituents through GCMS analysis and
qualitative and quantitative tests. Additionally, the aim of this
study was also to explore the antidiabetic effect of different
extracts through a-amylase inhibition and antioxidant effect
through DPPH and ABT inhibition.

B MATERIALS AND METHODS

Chemical and Reagents. Ethyl acetate, chloroform,
methanol, ethylene, n-hexane, gallic acid, sodium hydro-
oxide, dimethyl sulfoxide, acarbose, buffer solution, potassium
sodium tartrate, DNS (3,5-dinitrosalicylic acid), amylase
(aspergillus), etc. were used in the experiments. Majority of
the reagents were purchased from Sigma-Alrdich (Steinheim,
Germany).

Plant Selection and Extraction. Plant Selection. The
study utilized healthy R hirtellus plants that were collected
from various areas of Tehsil Sherwan, District Abbottabad,
Khyber Pakhtunkhwa, Pakistan. Sherwan is situated 35 km
west of Abbottabad (34° 12’ 0” North, 73° 4’ 0” East) at a
height of 1194 m. The plant specimens were authenticated by
expert botanists, and the stems and leaves underwent extensive
washing with water to eliminate any contaminants. Afterward,
they were air-dried in the shade for approximately 6 weeks (1.5
months) and then ground into a fine powder using a grinder.

Filtration and Extract Preparation. Extract preparation
was carried out from ariel parts and roots by the procedure
described in ref 31. As per the procedure, shade-dried materials

were ground into powder, and a total of 200 g was immersed in
500 mL of solvent mixture for 0S5 days. The powder and
solvent (double the required concentration) ratios are as
follows: methanol (50 g/250 mL or 1:5), aqueous (50 g/250
mL or 1:5), ethyl acetate (25 g/125 mL or 1:5), chloroform
(25 g/125 mL or 1:5), and n-hexane (25 g/125 mL or 1:5).
After soaking, Whatman No. 1 paper was used to filter the
extract. The filtrate was then heated to 40 °C and run through
a rotary evaporator under low pressure. These dried crude
extracts were labeled and stored at 4 °C for further studies.

Phytochemical Analysis. Gas Chromatography—Mass
Spectrometry. GC/MS analysis was conducted following
Thangavel et al., method with modifications.>* For GC/MS,
powdered R. hirtellus (200 g) was mixed with S00 mL of
solvent. To prepare the samples, 20 g of R. hirtellus powders
(aerial parts and roots) were used separately. They were
soaked in 50 mL of ethyl acetate, chloroform, and n-hexane,
respectively. The ratio used was 200 g of plant material to 500
mL of solvent. The 1.5 mL filtrate was taken after S days of
soaking in these solvents. GC/MS analysis utilized a Thermo
GC-Trace ultraversion 5.0 instrument coupled with a Thermo
MS DSQ II Mass Spectrometer. The samples were separated
into a DBS-MS capillary column (30 m X 0.25 mm X 0.25 pim)
using helium as the carrier gas at a flow rate of 1 mL/min. The
oven temperature was gradually raised from 70 to 260 °C at a
rate of 6 °C/min, with a total running time of 43 min. Mass
spectrometry was used to examine the gas chromatogram to
determine the mass of each fraction. Retention was allowed for
the identification of phytochemical components. The phyto-
chemical compounds’ identity was validated by comparing
their peak area, retention time (RT), molecular formula, and
retention index (RI) to the online NIST library chemistry web.

Component lIdentification. The molecular structure,
molecular mass, and predicted fragments were used to identify
the component. The GC/MS data are processed using the
National Institute of Standards and Technology (NIST)
database, comprising more than 62,000 patterns. It was
possible to identify the components of the test sample by
name, molecular weight, and structure. By comparison of the
average peak of each component to the overall region, the
relative proportion for each was determined. The unidentified
component’s spectrum was compared to the component’s
spectrum found in Turbos 5.2, NIST library version (2005).

Qualitative Analysis of Plant Extracts. We performed
qualitative analysis of phytochemicals in methanol and aqueous
extract of R. hirtellus, prepared by following the reported
methods with some modifications.”” Briefly, plant extracts (300
mg) were dissolved in DMSO (15 mL). The resulting extract
solution (20 mg/ mL) was titled “A/stock solution”.

Test for Alkaloids. Mayer’s Test. The Evan®* method was
used. Briefly, 500 uL of R. hirtellus (aerial part and roots) stock
solutions were mixed with 1 mL of HC], followed by two to
three drops of Mayer’s reagent. Red or yellowish-brown
precipitates showed the presence of alkaloids.

Tannin Test. Kodangala and co-workers™® method was
used. Briefly, one drop of ferric chloride (FeCl) was added to
500 uL of R. hirtellus stock solutions. A bluish-black color/
greenish precipitate shows the existence of tannins.

Flavonoid Test. Alkaline Reagent Test. Xavier and
Johnson’s*® method was used. In 500 uL of R. hirtellus stock
solution, two drops of 5% NaOH were added. When 2-3
drops of HCI were added, an intensified yellow color appeared

https://doi.org/10.1021/acsomega.3c08631
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that eventually disappeared, showing the presence of
flavonoids.

Test for Saponins. Singh and co-workers”’ method was
used. Briefly, stock solution (500 pL) was mixed vigorously
with 2 mL of ultrapure water. After marking the froth’s edges,
it was watched for 10 min. Saponins are present when the foam
remains.

Salkowski's Test for Sterols or Triterpenes. The
procedure described previously’® was used with changes.
Briefly, stock solution (500 yL) was mixed thoroughly by
vertexing with 1 mL of chloroform, and the chloroform’s
organic layer was isolated. Following separation, 0.5 mL of
concentrated H,SO, was supplemented with the chloroform
extract, thoroughly mixed, and allowed to stand for 1 min. The
presence of red color below the layer indicated sterols, whereas
triterpenes were visible as indicated by yellow or golden yellow
color on the top layer.

Test for Glycosides. Sulfuric Acid Test. Ahuja et al,*®
method was used. Briefly, concentrated H,SO, (1 mL) was
added to 500 uL of R. hirtellus stock solutions. After vigorous
shaking, the mixture was allowed to stand for 2 min. The
presence of glycosides is indicated by the reddish-brown
color’s appearance.

Test for Amino Acid (Ninhydrin’s Test). Ahuja and co-
workers™® method was used. Briefly, ninhydrin solution (three
drops) was added to 0.5 mL of stock solution and heated for
10 min in a water bath. The presence of amino acids was
indicated by the emergence of a purple color.

Test for Carbohydrates (Benedict’s Test). The method
described by Kodangala and colleagues® was employed.
Benedict’s reagent was dissolved in 0.5 mL of R. hirtellus
stock solutions, which was 0.5 mL in volume. For around 5
min, the mixture was heated in a boiling water bath. The
indication of the reducing sugar was signaled by the
appearance of a precipitate with a brick-red hue.

Anthocyanin Test. Savitharamma et al,” method was
used. A 200 puL R. hirtellus stock solution was mixed with 200
L each of 2 N HCI and NH;. Anthocyanins were shown by
the blue-violet transformation of pink or red color.

Leucoanthocyanin Test. The method described by
Savitharamma and colleagues39 was used. 400 pL of R. hirtellus
stock solutions were mixed with 0.4 mL of isoamyl alcohol.
The presence of leucoanthocyanins was indicated by the
appearance of a red color in the upper layer.

Test for Anthraquinones. Akinjogunla and co-workers™’
method was used. Benzene (0.2 mL) and 0.4 mL of NH; were
added to 200 uL of R. hirtellus stock solutions. The presence of
anthraquinones was indicated by the emergence of either of
three colors in the ammonical layer: pink, violet, or red.

Terpenoid Test. The method described by Singh and
colleagues?’7 was used. Chloroform (2 mL) and 0.5 mL of
concentrated H,SO, were added to 500 uL of R. hirtellus stock
solutions. The presence of terpenoids was indicated by the
reddish-brown color near the two-layer junction.

Test for Quinones. Rao and Savithramma’s*' methods
were employed. Briefly, 0.5 mL of R hirtellus stock solutions
were mixed with 500 uL of alcoholic KOH. The presence of
quinones was indicated by the emergence of color varying from
red to blue.

Test for Lactones (Legal Test). The lactone test was
performed using the method described by Ahuja and
colleagues.” In 500 uL of pyridine, nearly 5 mg of the R.
hirtellus stock solutions were dissolved. The aliquoted pyridine

soluble extract was treated with a solution of sodium
nitroprusside and NaOH. The presence of lactones was
indicated by the dark red color.

Test for Lignin. Labat Test. Gibbs’s*> method as well as
Rao and Savithramma’s*' method was employed. To this was
added 0.5 mL of gallic acid (2.9 mg/mL) to 0.5 mL of R.
hirtellus stock solutions. The olive-green color indicated the
presence of lignin.

Dahlman Test. To check the presence of lignin, the
method described by Haque and colleagues*’ was used. R.
hirtellus stock solution (500 uL) was treated with aniline (two
drops) and concentrated H,SO, (a few drops). The presence
of lignin is shown by the production of a yellow color.

Test for Phlobatannins. Pradeep and co-workers™**
method was used with some modifications. R. hirtellus stock
solution (500 uL) was added in 0.1 mL of HCl and then boiled
for approximately 10 min. The formation of red precipitates
was observed for phlobatannins.

B QUANTITATIVE TESTS

Total Phenolic Test. Total phenolic contents were
determined by the method reported by ref 45 by using a
spectrophotometer with some modifications. Three concen-
trations of plant stock were taken, 125, 250, and 500 pg/mL.
Methanol was employed as a control and gallic acid as a
standard. Briefly, the R. hirtellus (aerial parts and roots
separate) stock solutions of S g/mL were prepared. From
the stock solutions, 30, 60, and 90 uL of plant extract from
stock solutions were each mixed with 740 uL of distilled water.
Following this, 60 uL of FC reagent was added, and the
mixture was left to incubate for a duration of 5 min. After
incubation, 500 #L of sodium carbonate was added and the
mixture was incubated for 90 min. Following the incubation
period, the absorbance was assessed by using a UV—vis
spectrophotometer (Shimadzu UV-1800) at a wavelength of
550 nm. The positive control was gallic acid, and the control
was methanol treated.

Total Flavonoid Test. The TFC was determined using the
aluminum chloride colorimetric method which is reported by
ref 46 with some modifications. The stock solution of S mg/
mL R. hirtellus (aerial parts or roots) was prepared. From this
stock, 25, 50, and 100 uL of plant extract were added to 300
4L of methanol, 20 uL of AICl;, 20 uL of potassium acetate,
and 660 uL of distilled water one after another. The
absorbance was measured after 30 min incubation, at 415
nm through a UV—vis spectrophotometer (Shimadzu UV-
1800). Quercetin dehydrate was the positive control, and
methanol was taken as a negative control.

Total Tannin Test. To determine the tannins, a Folin-
Ciocalteu procedure was used which is reported by ref 47 with
some modifications. S mg/mL of R. hirtellus plant (aerial parts
or roots) was taken in a resultant solvent and prepared stock
solution. From the stock solution, 25, 50, and 100 uL of plant
extract were added to 50 pL of FC reagent. Then, 850 uL of
distilled water and 100 uL of 35% Na,CO; were added.
Subsequently, 50 uL of distilled H,O was added, and the
mixture was allowed to incubate for a duration of 30 min.
Following this incubation period, the absorbance was recorded
at 725 nm by using a UV—vis spectrophotometer (Shimadzu
UV-1800). Gallic acid served as the positive control, and
methanol was utilized as the negative control.

Reducing Sugar Content (RSC). The assessment of the
RSC was conducted using the 3,5-dinitrosalicylic acid (DNSA)

https://doi.org/10.1021/acsomega.3c08631
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method. The measurement was carried out using Krivorotova
and Sereikaite’s methodology48 with slight modification. The
DNSA reagent was made by dissolving 1 g of DNSA and 30 g
of sodium—potassium tartaric acid in 80 mL of 0.5N NaOH at
45 °C. After dissolution, the mixture was cooled to ambient
temperature and then diluted to a final volume of 100 mL with
distilled water. A test tube containing 1 mL of plant extract (1
mg/mL) was pipetted with 2 mL of DNSA reagent, and the
tube was stored at 95 °C for 5 min. The solution was allowed
to cool before being mixed with 7 mL of distilled water. The
absorbance of the solution was measured at 540 nm using a
UV—vis spectrophotometer (Shimadzu UV-1800). The
findings were expressed as milligrams of p-glucose equivalent
(GE) per gram of dry extract weight. The reduced sugar
content was determined using the standard D-glucose
calibration curve (200—1000 mg/L).

Biological Activities. Antidiabetic Test. The antidiabetic
effect of different extracts was assessed through an a-amylase
inhibition assay.

a-Amylase. a-Amylase inhibitory activity of R. hirtellus was
carried out using methanol and aqueous extracts according to
the standard method reported by ref 49 with some
modifications. Acarbose was used as a standard, and methanol
was used as a negative control. R. hirtellus plant stock of (aerial
parts or roots) S mg/mL in DMSO was taken as a stock
solution, and three concentrations were taken from plant stock,
i.e, 125, 250, and 500 pL/mL. Further, 160 uL of a-amylase
and 60 uL of phosphate buffer solution were added, followed
by incubation for 20 min at 37 °C. Subsequently, 80 uL of
starch solution was added and incubated again in boiling water
at 37 °C for 15 min. Next, 400 yL of DNS was added and
diluted with a dilution factor, i.e., distilled water. Acarbose was
used as the standard. Absorbance was measured at 540 nm
using a UV—vis spectrophotometer (Shimadzu UV-1800). The
formula was used to calculate the percentage inhibition:

control — sample

% inhibition = X 100

control
The inhibitory property represented by the sample was
compared to the control and then expressed as percentage
inhibition.

Antioxidant. The antioxidant effect of different extracts
was assessed through DPPH.

Diphenyl—Picryl Hydroxyl (DPPH). The DPPH assay
was performed according to the Mruthunjaya and Hukkeri
method with some changes.’® Briefly, 5 mg/mL of R. hirtellus
stock solution (aerial parts or roots) was prepared in methanol.
Three concentrations (125, 250, 500 pg/mL) with 12.5, 25,
and 50 uL were taken. All of these concentrations were then
raised to 1 mL with methanol. Out of these, 100 yL with three
replications was taken in 96-well plates, and 100 uL of DPPH
methanol solution was added. The samples were incubated for
30 min, and the absorbance was taken at 517 nm on a UV—vis
spectrophotometer (Shimadzu UV-1800). Ascorbic acid was
used as the standard, and methanol was used as the control.
The following formula was used to calculate the percentage
inhibition.
control — sample

% inhibition = X 100

control
ABTS Radical Scavenging Assay. The ABTS [2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonate) radical cation (ABTSe
+)] method®" was used to evaluate the free-radical-scavenging

effect of the samples with slight modification. A total of S mg
of ABTS (Glentham Life Sciences, Corsham, U.K.) was
dissolved in 7 mL of phosphate-buffered saline (PBS), (Sigma-
Aldrich, St. Louis, MO) resulting in a final ABTS
concentration of 0.7 mM. Simultaneously, a 2.45 mM solution
of potassium persulfate (VWR Chemicals BDH Prolabo,
Australia) was prepared in deionized water. Subsequently, 7.0
mL of the ABTS solution was combined with 7.0 mL of the
potassium persulfate solution in a glass tube. This mixture was
then placed in the dark at room temperature (24 + 1 °C).
Antioxidant assessment was conducted immediately after the
oxidation of ABTS, ensuring complete formation of the ABTS
radical. Different concentrations of the test samples were
prepared in DMSO, and an aliquot of 50 yL was transferred to
a 96-well plate. To this, 150 yL of the ABTS reaction mixture
was added to each well and incubated at room temperature for
10 min. After incubation, the absorbance was measured at 734
nm using a BioTek Synergy HT plate reader (BioTek
Instruments, Winooski, VT). A blank was also applied having
DMSO and ABTS solution. The ABTS scavenging effect was
measured using the following formula:

A

control Bsample

A

radical scavenging (%) = X 100

control

where A-control is the absorbance of blank and B is the
absorbance of samples.

B STATISTICAL ANALYSIS

The statistical data were analyzed through Graph Prism ver.
6.01 software and SPSS version 16. One-way analysis of
variance (ANOVA) was performed through SPSS to determine
the significant difference (p < 0.05) between the samples.

B RESULTS

Phytochemical Detection through GCMS. The gas
chromatography—mass spectrometry (GCMS) analysis re-
vealed the presence of various phytochemical compounds in
the aerial parts and roots of R. hirtellus, extracted using ethyl
acetate, chloroform, and n-hexane solvents. R. hirtellus reveals
the presence of thirty-three compounds overall. In the ethyl
acetate extract of the aerial parts, four identified compounds
are neophytadiene at 6.266 min (30.72%), succinic acid, tridec-
2-yn-1-yl 4-octyl ester at 2.424 min (8.41%), hexacosyl
acetate2,6,10,14- at 5.936 min (5.0009%), and phytyl
tetradecanoate at 6.496 min (0.54671%). Conversely, in the
ethyl acetate extract of the roots, six compounds, ie., 2-
oxepanone, 7-hexyl- at 3.48 min (54.644%), succinic acid, but-
3-Yn-2-YI cis-4-methylcyclohexyl ester at 2.424 min (12.62%),
hentriacontane at 2.83 min (1.62%), mesitylene at 2.374 min
(1.045%), dotriacontyl pentafluoropropionate at 4.465 min
(0.17%), and malonic acid, 2-butyl heptadecyl ester at 2.519
min (0.09%), were detected.

Chloroform extracts exhibited six compounds, ie., meth-
anoazulene, octahydro-1,4,9,9- at 2.419 min (35.29%),
tetramethyl-11,14-phenol, 2,5-bis(1,1-dimethylethyl)- at 4.80S
min (34.18%), neophytadiene at 6.206 min (10.013%), glutaric
acid, tridec-2-yn-1-yl 3, 7-dimethyloctyl ester” at 4.69 min
(1.15%), octadecane, 1-chloro- at 4.29 min (0.63%), and
11,14-eicosadienoic acid, methyl ester at 5.596 min (0.29%), in
aerial parts, while 2(3h)-furanone, S dodecyldihydro- at 3.365
min (60.01%), hentriacontane at 5.601 min (26.27%), S-
fluoro-2-trifluoromethylbenzoic acid, S-pentadecyl ester at
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Figure 1. R. hirtellus aerial parts’ GC/MS graph representing peaks and nodes of different compounds, i.e., (A) peaks of ethyl acetate, (B) peaks of

chloroform, and (C) peaks of n-hexane.
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Figure 2. R. hirtellus roots’ GC/MS graph representing peaks and nodes of different compounds, i.e, (A) peaks of ethyl acetate; (B) peaks of

chloroform; and (C) peaks of n-hexane.

4.805 min (3.56%), carbonic acid, octadecyl vinyl ester at 4.29
min (2.79%), dotriacontyl pentafluoropropionate at 5.90 min
(2.03%), and succinic acid, tridec-2-yn-1-yl 2-ethylbutyl ester
at 2.429 min (0.19%) are detected in the root chloroform
extract.

Notable six compounds in n-hexane extracts are detected
including 2,4-di-tert-butylphenol at 4.825 min (16.71%),
benzene, 1-ethyl-3-methyl- at 2.214 min (9.51%), benzene,
1,2,4-trimethyl- at 2.374 min (7.43%), hentriacontane at 2.822
min (2.73%), eicosyl nonyl ether at 3.33 min (0.94%), and
hentriacontane at 3.825 min (0.27%), in aerial parts, while in
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the root n-hexane extract, five compounds, i.e., chloroacetic
acid, tetradecyl ester at 2.114 min (22.22%), nonyl octacosyl
ether at 3.66 min (12.79%), phytyl, 2-methylbutanoate at 2.89
min (10.51%), malonic acid, 2-butyl heptadecyl ester at 2.564
min (3.25%), and tumerone at 2.404 min (2.51%), are
detected. A total of 14 different compounds were identified in
each part, ie, aerial and roots. These findings underscore the
diverse phytochemical composition of R. hirtellus, potentially
contributing to its therapeutic properties. Chromatograms
depicting compound peaks are provided in Figures 1 and 2,
with detailed compound information in Tables 1 and 2.
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Additionally, the chemical structures of these compounds are
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Crude Extract. The phytochemicals were identified in two
different extracts of methanol and aqueous. The results o o
revealed that 16 compounds have been identified as presented § EIRSE8E283 888383388
in Table 3. In the R. hirtellus aerial parts, flavonoids, sterols,
glycosides, quinones, lactones, and lignin were present in the -
methanolic extract. Additionally, alkaloids sterols, glycoside, 28 m f e 2o omwo® 0 LQq
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anthocyanins, anthraquinone, and phlobatannins were absent .
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in both methanolic and aqueous extracts. Alkaloids, leucoan- 2R 822223922838 Y3 «+
thocyanins, terpenoids, and triterpenes were present in g IS VAV T ST A9 VN o AN
aqueous extracts but absent in the methanolic extract, while
flavonoids and lignin were present in methanolic extracts but 2
absent in the aqueous extract. In R. hirtellus roots, the -
flavonoids, sterol, glycosides, quinones, and lignin were present T % % 315 i
in methanolic extracts. In the same extracts, alkaloids, tannins, g 2 —‘é —g :‘é -‘é
saponins, amino acids, carbohydrates, anthocyanins, leucoan- 5 R e g 2
thocyanins anthraquinones, phlobatannins, triterpene, lactones, i &8 e e g
and terpenoids were absent. i
In R hirtellus roots, aqueous extract terpenoids, quinones,
alkaloids, sterols, triterpene, glycosides, carbohydrates, leu- g § -
coanthocyanins, and lactones were present. Additionally, in g 8z
aqueous extracts, phlobatannins, anthraquinones, lignin, % ?::‘
anthocyanins, amino acids, saponins, flavonoids, and tannins 5 < = ‘aE“a
were absent. Quinones, glycosides, and sterols were present in g f ERcEe
both extracts of methanol and aqueous, while in both extracts g B g 83 #
(methanol and aqueous), amino acid, saponins, tannins, é 2 E ; 2 %
anthocyanins, anthraquinones, lignin (labat test), and g8 % = 132
phlobatannins were absent. These results are summarized in T o= g a ) E
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GAE/g extract). The aqueous extract (aerial parts and roots) = S ESgREEEEZ2T 9SS 5 ES8E <
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showed a strong linear relationship between TTC and plant e
concentration (y = 6 X 10™"x + 0.4996, R* = 0.9992) and (y = £ g
8 X 107%x + 0.3786, R* = 0.9992), and methanol extracts of ,f_..: _2:3 . =
both parts showed a weaker relationship (y = 3 X 10™"x + A R
0.4998, R* = 0.4902) and (y = 1 X 10™"x + 0.3785, R* = 8 2 £y 88 2
b=ER:] == =
0.693) respectively. The standard TTC for the aerial parts of R. & S 5 g £ 2% 2
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showed a strong linear relationship (y = 0.0006x + 0.3783, R* 5 BV T I g £ g EE gy 2t
= 0.9996). The TTC values were 0.451333, 0.53, and 0.676 < 7985823 E58882538% 2
pug/mL for gallic acid concentrations of 125, 250, and 500 ug/ =
mL, respectively. In comparison, the TTC values for both the £ . < 0w oo "o 6+
aqueous and methanol extracts of R. hirtellus (aerial parts and = TESRRSITFTATEEISINIISLS
. ; £ F A v o 0O AT F T VO AN o <
roots) were approximately 0.3786 ug/mL across all plant SR
concentrations. However, the TTC values for the methanol g
-
extracts showed a slight increase with increasing plant g g e
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ug/mL. These results are further summarized in Figure 4A—E A GEREN & pi
and Table 4. —“2 5 S <
The study investigated the total phenolic content (TPC) in 2 ”
both methanolic and aqueous extracts of R. hirtellus, expressed g &
as milligrams of gallic acid equivalent (GAE) per gram of S . £
extract. TPC in the aqueous (ariel) extract showed a strong © g q
linear relationship (y = 1 X 10™"x + 0.0476, R* = 0.9024), o 3
while the methanol extract showed a weaker relationship (y = 2 é =
X 10™x + 0.0476, R* = 0.8535). TPC in the aqueous (roots) = A
21810 https://doi.org/10.1021/acsomega.3c08631

ACS Omega 2024, 9, 21805-21821


http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c08631?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega http://pubs.acs.org/journal/acsodf

extract showed a strong linear relationship (y = 1 X 10™"x +

= O: O: . O: 8"’ O: O: O: % . g" o, O: o) o 0.0476, R*> = 0.8462), while the methanol extract showed a
§ ol s o s - - - -] stronger relationship (y = 2 X 10™”x + 0.0476, R* = 0.9209).
RSES RSN IS SRR OSSR S ORI The standard TPC for the aerial parts of R. hirtellus was
determined using gallic acid (2 mg/mL) and showed a strong
é SRR EREREEREEEREE R linear relationship (y = 0.0007x + 0.0475, R* = 0.9697). The
NN T A 0O O A O T F O = A O H v
TPC values were 0.116333, 0.247, and 0.384667 ug/mL for
- o o gallic acid concentrations of 125, 250, and S00 ug/mL,
sl nsSdIvsnsre s respectively. In comparison, the TPC values for both the
A~ A FT AN A A AT T O~ A AN . .
aqueous and methanol extracts of R. hirtellus (aerial parts and
o at wo  ewm o 4o roots) were approximately 0.0476 ug/mL across all plant
2228 ,235332%2x8%88 2 concentrations. These results are further summarized in Figure
38%3@?{.335%3883%3%% SA—E and Table 4.
& W a4 S~ S o 9« Mol B Q] = . . . .
- i N N The study investigated the total flavonoid content (TFC) in
) both methanol and aqueous extracts of R. hirtellus, expressed as
o g milligrams of quercetin equivalent (QE) per gram of extract. In
2 2 both (aerial parts and roots) of R. hirtellus, the TFC in the
| k| aqueous extract showed a strong linear relationship (y = 1 X
g § 107%x + 0.1864, R* = 0.9909) and (y = 1 X 10™%x + 0.1862,
g g R* = 0.9976), while the methanolic extract showed a weaker
! k: relationship (y = 3 X 10™%x + 0.1864, R* = 0.6542) and (y =
= i 3E07x + 0.1863, R* = 0.9481), respectively. The standard TFC
° E for the aerial parts of R hirtellus was determined using
quercetin dehydrate and showed a strong linear relationship (y
. 5 = 0.0023x + 0.1861, R* = 0.9463). The TFC values increased
% K from 0.3423 at 100 pg/mL to 1.2903 at 500 pug/mL in
) g standard quercetin. In comparison, the TFC values for both
< 2 E the aqueous and methanol extracts of R. hirtellus (aerial parts
] [} =
S = 2 and roots) were lower than the standard values but showed a
S 2 e - slight increase with the plant concentration. These results are
o < 3 = ] o] . . .
E g 7 o5 o5 o © z summarized in Figure 6A—E and Table 4.
g‘ IE g4 % é g N The reducing sugar content (RSC) in four different extracts
S = g SR EE § 3 (chloroform, ethanol, n-hexane, and methanol) of R. hirtellus
. & :{é* £ £ ; E & E} % aerial parts expressed in terms of D-glucose equivalent (mg of
E g >:~ B E é ﬂ § ,é 2 é B g 5 GE/g of extract). In chloroform, RSC values ranged from
B :;3 2 2 é n 4;2 - 2 é; B 0.9348 to 0.9475 pug/mL, with an R-value of 0.968762097.
@ Lo EL A EgS g A SEE Ethanol exhibited RSC values between 0.9367 and 0.9583 ug/
Y 28855 LR g S E B2 9 F g mL, with an R-value of 0.975704873. Similarly, n-hexane
§ %} F § £ & g F bt ER: & é *E\ g E = ;; showed RSC values from 0.9336 to 0.9555 pig/mL, with an R-
= g g E E E _*§ g i:} e f E _*é g g E % g value of 0.988787136. Methanol displayed RSC values ranging
2 o “ B from 0.9379 to 1.0119 ug/mL, with an R-value of
S - 2 - 0.988787136. These results are depicted in Figure 7A-D
o] 255 £ 35§ 2 £ B and Table S.
o § 83 b s 38 3 83 Effect of Plant Crude Extracts on a-Amylase (In
s s =52 E e 3 22 T E3ET . 1
© 2 3T Y% Y §Y% R ETE Vitro). a-Amylase inhibitory tests were used to test
S T) = °) o ] °) ° o 1°) = & o ] :1: . . .
[~ PN 22 28 2, 52 antidiabetic efficacy in the methanolic, aqueous extracts of R.
@ T ERgs i EESsREsESE SRR, . .
3 § 88 c5§288c588E8EB22% hirtellus aerial parts (except the flower). @-Amylase inhibition
:: 8558852882388 8E% was measured by using acarbose as the standard. In addition,
= the highest percentage of amylase inhibition was recorded in
L i3 200838a82c0333 0w both methanolic and aqueous extracts at a dose of 500 pg/mL,
A T B T T A e B B T T S B A BB . .
£ N ddEdFadomFFrbdadadadds while the lowest concentration was (125 ug/mL). The a-
g amylase inhibitory experiment was performed on methanolic
g £ g and aqueous extracts at different doses (125, 250, and 500 ug/
& g 3 < g mL). R. hirtellus aerial part methanolic extracts showed
5 8= 2’5 3 inhibition at concentrations of 125 pug/mL (6547 + 1.67%),
g E 5 : 250 pg/mL (67.17 + 1.95%), and S00 pug/mL (6837 +
g . 2.42%). Their aqueous extracts exhibited inhibition at
o 3 concentrations of 125 ug/mL (60.65 + 2.4217%), 250 ug/
O g g mL (65.97 + 0.5917%), and S00 ug/mL (70.12 + 1.025%).
2 a8 The highest percentage inhibition, reaching 70.12 + 1.025%,
= ; was observed with the aqueous extract at a concentration of
= 500 pug/mL. Conversely, the lowest inhibition percentage, at
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Figure 3. Chemical structure compounds detected in different extracts of R. hirtellus leaves and roots. ChemDraw software was used to draw the

original structures.

60.65 + 2.4217%, was noted with the same extract but at a
concentration of 125 pg/mL.

In methanolic extract of R. hirtellus roots, the inhibition is at
concentrations of 125 pg/mL (51.77515 + 1.47929%), 250
pug/mL (68.63905 + 0.51244%), and 500 ug/mL (71.3018 +
1.28962%), while the inhibition is at concentrations of 125 ug/
mL (484221 + 3.25892%), 250 ug/mL (63.70818 +
2.1808%), and 500 ug/mL (69.3294 + 0.45193%) in the
aqueous extract. The highest percentage inhibition at a
concentration of S00 pg/mL (71.3018 + 1.28962%) was
achieved in the methanolic extract, while the lowest percentage
inhibition at a concentration of 125 pug/mL (48.4221 =+
3.25892%) was achieved in the aqueous extract. The ICy, value
was calculated online through the ICs, calculator AAT
Bioquest. The ICs, values of R. hirtellus aerial parts for
acarbose and the extract of methanol were determined to be
270. and 241.39, respectively, while the ICy, value of aqueous
was 240.651. The IC, values of R. hirtellus roots for acarbose
and the root extract of methanol were determined to be
270.0029 and 207.8264 pug/mL, respectively. The ICs, value
for the root extract of aqueous was 225.8938 ug/mL. The
percentage inhibition and ICs, value displayed by each extract
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are shown in Table 6. A comparison of the percentage
inhibition of the amylase—amylase enzyme with acarbose and
R. hirtellus at different concentrations is presented in Figure 8.
The corresponding p-values can be found in the Supporting
File (Figure 11S). The graph of R. hirtellus aerial parts shows
that in the methanolic extract, all three concentrations are
significantly different (p < 0.05) and dose-dependently increase
compared to the standard. In comparison, the three
concentrations show dose-dependent trends but are not
significant. However, in the aqueous extract, all concentrations
exhibit significant differences (p < 0.05) and dose-dependently
increase compared to the standard. Specifically, concentrations
of 250 and 500 show a dose-dependent increase and are
significant compared to 125, but 500 is nonsignificant
compared to 250. The R. hirtellus root graph shows that in
both extracts, all three concentrations are significantly different
(p < 0.05) and dose-dependently increased compared to the
standard. In methanol, 250 was nonsignificant and dose-
dependently increased compared to 500, while in the aqueous
extract, all concentrations were significantly different (p <
0.05) and dose-dependently increased compared to each other.
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Table 3. Phytochemical Screening of R. hirtellus Aerial and Root Part of Methanolic and Aqueous Extract Presence: + ,
Absence: —
methanol aqueous
test resultant colors RH-A.P RH-RT RH-AP RH-RT
alkaloids yellow brown/white precipitate - - + +
tannins bluish-black color - - - -
flavonoids (alkaline reagent test) yellow color faded away after HCI addition + + - -
saponins froth appearance - -
Salkowski’s test sterols red color in the lower layer + + + +
triterpenes yellow or golden color - - + +
glycosides (sulfuric acid test) reddish-brown color + + + +
amino acid (Ninhydrin test) purple color - - - -
carbohydrates (Benedict’s test) brick-red precipitates - - - +
anthocyanins pink-turns-violet - - - -
leucoanthocyanins red color in the upper layer - - + +
anthraquinones pink/red/violet - — — -
terpenoids reddish-brown color - - + +
quinone’s red to blue color + + + +
legal test (lactones) deep red color + - + +
lignin labat test olive-green color formation + -
Dahlman test yellow color formation - + - -
phlobatannins red precipitates - - - -
07 - 0.378625 1 0.3786
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Figure 4. Correlations between TTC and concentrations of R. hirtellus extracts. (A) Standard, (B) R. hirtellus aerial part aqueous, (C) R. hirtellus
aerial part methanol, (D) R. hirtellus root aqueous, and (E) R. hirtellus root methanol.

Effect of Plant Crude Extracts on DPPH (In Vitro).
Radical scavenging activities of methanolic extracts of plants
were checked through DPPH. The results revealed that both
the extracts of R. hirtellus inhibited DPPH free radicals dose-
dependently, except for the R. hirtellus root aqueous extract
which was nonsignificant and neither increased dose-depend-
ently. The DPPH free-radical inhibitory experiment was
performed on methanol and aqueous extracts at different
concentrations (125, 250, S00 pug/mL). In R. hirtellus aerial
parts, the inhibition was at concentrations of 125 pg/mL (73.1
+ 0.18%), 250 pg/mL (75.9 = 1.65%), and S00 pg/mL (82.13
+ 0.58%) in the methanolic extract, while in aqueous, it was at
125 pg/mL (67.87 + 2.0%), 250 ug/mL (71.60 + 1.452%),
and 500 pug/mL (74.02 + 0.462%). In R. hirtellus aerial parts,
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the highest percentage of DPPH inhibition was recorded in the
methanolic extract at a dose of 500 ug/mL (82.13 + 0.58%)
and in the aqueous extract at a dose of 500 ug/mL (74.02 +
0.46%), while the lowest was at 125 yig/mL in both methanolic
and aqueous extracts, as represented in Figure 9. The ICs,
values for ascorbic acid, methanolic, and aqueous extract of R.
hirtellus aerial parts were determined to be 70.71, 270.28, and
239.28 pg/mL, respectively. Figure 9 shows a significant
relation and dose-dependent increase in methanol. In aqueous,
250 and 500 were dose-dependently and significantly increased
(p < 0.05) compared to 125, while 500 was dose-dependently
increased but not significantly as compared to 250.

In R. hirtellus roots, the inhibition was observed at
concentrations of 125 pg/mL (73.4383 + 0.52295%), 250
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Table 4. Quantitative Test Results According to Three Different Concentrations of the R. hirtellus Aqueous Extract and Roots”

quantitative test results
s.no plants conc. plant  conc (ug/mL) TTC-gallic acid (ug/mL) TPC-gallic acid (ug/mL) conc. (ug/mL) TFC-quercetin (ug/mL)
1. standard 125 125 0.451333 0.116333 100 0.3423
250 250 0.53 0.247 200 0.6633
500 500 0.676 0.384667 300 1.025
400 1.083
500 1.2903
R-value 0.99979998 0.984733466 0.972779523
aqueous
2. R hirtellus (aerial) 125 125 0.378590 0.0476 0.186587
250 250 0.378602 0.0476 0.186714
500 500 0.378621 0.0476 0.187100
R-value 0.99959992 0.949947367 0.995439601
R. hirtellus (root) 125 125 0.378459 0.047576 0.18643
250 250 0.378508 0.04761 0.1866
500 500 0.378512 0.047628 0.18698
R-value 0.800499844 0.919891298 0.998799279
methanol
3. R. hirtellus (aerial) 125 125 0.378545 0.0476 0.186424
250 250 0.378581 0.0476 0.18744S
500 500 0.378587 0.0476 0.187550
R-value 0.832466216 0.923850637 0.808831
R hirtellus (root) 125 125 0.378477 0.047568 0.18637
250 250 0.378563 0.047605 0.18638
500 500 0.378613 0.047632 0.18648
R-value 0.944033898 0.959635347 0.973704267
a .
Conc. means concentration.
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Figure 5. Correlations between TPC and concentrations of the R. hirtellus extracts. TPC (A) Standard, (B) R. hirtellus aerial part aqueous, (C) R.
hirtellus aerial part methanol, (D) R. hirtellus root aqueous, and (E) R. hirtellus root methanol.

ug/mL (75.5077 + 1.10564%), and 500 ug/mL (77.7948 +
0.35986%) in the methanolic extract, while in aqueous, it was
at 125 ug/mL (75.0128 + 0.53227%), 250 ug/mL (74.9871 +
0.49593%), and 500 pg/mL (74.6117 + 3.829485%). The
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highest DPPH inhibition percentage, 75.0128 + 0.53227%,
was observed in the aqueous extract at a dose of 125 pg/mL.
Conversely, the lowest inhibition percentage, 74.611 =+
3.829485%, was noted in R. hirtellus roots at a concentration
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0.95
0.948
0.946
0.944
0.942

0.94
0.938
0.936
0.934
0.932

Reducing sugar content (ug/ml)

0.96
0.955
0.95
0.945
0.94
0.935
0.93

Reducing sugar content (ug/ml)

Extract concentrations pg/ml

A = 0.96
e % 0.955
y=0.0002x+0.93 % g.os5
R*=0.9385 z
e § 0.945
o e Seriesl § 0.94
5 a
et Linear (Series1) 2 0985
3 093
0 20 40 60 80 100 &
Extract concentrations pug/ml
_.1.023
¢ . £1.013
% 1.003
. y=0.0004x+0.9257 = o993
R*=0.9777 $ 0.983
e g 0.973
5 0.963
- e Seriesl 2 0.953
) . @ 0.943
e e Linear (Series1) 5 0.933
T 0.923
0 20 40 60 80 100 ©

Extract concentrations pg/ml

B »
y =0.0004x + 0.9272
R R?=0.952
e Seriesl
e
L Linear (Series1)
0 20 40 60 80 100
Extract concentrations pug/ml
D
®
7 y=0.0012x+0.908
R?=0.9712
e
e e Seriesl
b T Linear (Series1)
0 20 40 60 80 100
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methanol.

Table 5. Quantitative Test for RSC According to Four Different Concentrations of the R. hirtellus Aerial Part

conc. (ug/mL)
20
40
60
80

R-value

RSC-chloroform (pug/mL)

0.9348
0.9379
0.9404
0.9475
0.968762097

RSC-ethanol (ug/mL)

0.9367
0.9393
0.9512
0.9583
0.975704873

RSC-n-hexane (ug/mL)
0.9336
0.9399
0.9452
0.9555
0.988787136

RSC-methanol (ug/mL)
0.9379
0.9522
0.9785
1.0119
0.988787136

of 500 pug/mL. The ICS0 values for ascorbic acid, methanol,
and aqueous extracts of R. hirtellus roots were determined to be
43.34, 252.52, and 325.33 pug/mL, respectively, as shown in
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Figure 9. Corresponding p-values can be found in the
Supporting File (Figure S1). The graph showed a significant
relation and a dose-dependent increase in methanol. In
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Table 6. Percentage Inhibition of a-Amylase, DPPH, and ABTS Activity with Their IC;, Values

% inhibition/concentration of biological activities

test concentration % inhibition ICy, value
a-amylase R. Hirtellus aerial parts methanol 125 pg/mL 65.97633 + 1.647 241.399 pg/mL
500 pug/mL 68.83629 + 2.391
aqueous 125 pg/mL 60.65089 + 2.422 240.651 pug/mL
500 pg/mL 70.11834 + 1.025
R. Hirtellus roots methanol 125 pg/mL 51.77515 + 1.4793 207.8264 pg/mL
500 pg/mL 71.3018 + 1.2896
aqueous 125 pg/mL 484221 + 3.259 225.8938 pug/mL
500 pug/mL 69.3294 + 0.452
acarbose (standard) 500 pug/mL 74.65483 + 0.00S 270.006 pg/mL
DPPH R. Hirtellus aerial parts methanol 125 pg/mL 73.0812 + 0.1838 270.4837 pg/mL
500 pg/mL 82.129 + 0.58134
aqueous 125 pg/mL 67.86792 + 2.0001 239.2857 pg/mL
500 pug/mL 74.01621 + 0.4617
R. Hirtellus roots methanol 125 pg/mL 734383 + 0.523 252.525 pg/mL
500 pug/mL 77.7948 £ 0.359
aqueous 125 pg/mL 75.0128 + 0.532 325.3331 pg/mL
500 pug/mL 74.6117 + 3.829
ascorbic acid (standard) 100 pug/mL 98.074 + 0.07438 70.7107 pg/mL
ABTS R. Hirtellus aerial parts chloroform 25 pg/mL 20.876 + 4.4290 1544 pg/mL
800 ug/mL 59.068 + 5.6833
n-hexane 25 pg/mL 1.5694 + 0.4055 78.31 pg/mL
800 ug/mL 52.8299 + 5.6345
ethyl acetate 25 pg/mL 32.3686 + 6.1167 67.03 ug/mL
800 ug/mL 80.9001 + 1.5744
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Figure 8. a-Amylase (% inhibition) through R. hirtellus aerial part and root extracts (methanol and aqueous) compared to the standard. The
experiments were performed in triplicate, and results were expressed as mean + SD with the significance level (NS = nonsignificant, *p < 0.0S, **p
< 0.001, ***p < 0.0001).
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aqueous, the concentrations are not dose-dependent and are
nonsignificant compared to standard. Table 6 presents the
percentage inhibition of DPPH activity with its ICs, values in
methanolic and aqueous extracts.

Effect of Plant Crude Extracts on ABTS (In Vitro).
Radical scavenging of three extracts (chloroform, n-hexane,
and ethyl acetate) of the aerial part of the plant was assessed
through ABTS assay. The highest percentage inhibition of
absorbance of ABTS assay was recorded at a dose of 500 pg/
mL, while the lowest was at a concentration of 125 pg/mL. In
R. hirtellus aerial part’s chloroform extract, the percent
inhibition was at a concentration of 25 ug/mL (20.876 =+
4.4291%), SO ug/mL (32.0817 = 2.093%), 100 ug/mL
(35.3848 + 4.0559%), 200 pug/mL (43.346 + 2.5097%), 400
pug/mL (51.8545 + 4.1046%), and 800 pug/mL (59.0683 +
5.6833%). In n-hexane extract, the % inhibition was at a
concentration of 25 ug/mL (1.5694 + 0.4055%), SO ug/mL
(15.5929 + 1.76093%), 100 ug/mL (25.5214 + 2.05871%),
200 pug/mL (36.7172 + 1.51746%), 400 ug/mL (44.3328 +
3.12245%), and 800 ug/mL (52.8299 + 5.6346%). Addition-
ally, the percent inhibition of ethyl acetate was at a
concentration of 25 ug/mL (32.3686 + 6.1167%), SO ug/
mL (46.3309 + 3.26942%), 100 pug/mL (56.16 + 4.6249%),
200 pg/mL (6620 + 1.89744%), 400 ug/mL (72.85 +
2.064%) and 800 ug/mL (80.90 + 1.5744%). Furthermore,
chloroform, n-hexane, and ethyl acetate extracts dose-depend-
ently inhibit the ABTS level as depicted in Figure 10 and p-
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Figure 10. ABTS % inhibition through R. hirtellus aerial part extracts
(chloroform, n-hexane, and ethyl acetate) at different concentrations
(ug/mL). The experiments were performed in triplicate, and results
were expressed as mean + SD with the significance level (NS =
nonsignificant, *p < 0.0S, **p < 0.001, ***p < 0.0001).

values are mentioned in the Supplementary File (Figure S11).
ICsy values of chloroform, n-hexane, and ethyl acetate are
154.4, 78.31, and 67.03 pg/mL, respectively, as mentioned in
Table 6.

B DISCUSSION

Medicinal plants serve as the primary source of bioactive
compounds with pharmacological activities, representing a
crucial resource for both traditional and modern medi-
cines.'™” Their significance lies in their high efficacy and
low cost.”” The presence of volatile compounds in the bodies
of medicinal plants varies across different seasons and life
stages. These compounds play crucial roles, serving to repel
pests, inhibit the growth of surrounding plants, and attract
pollinators.>” A variety of techniques have been developed for
the detection and isolation of bioactive compounds from

plants. These techniques encompass methods such as
chromatography, spectrometry, and extraction processes,
enabling researchers to identify and isolate specific compounds
with pharmacological significance. The GC/MS results reveal
that in the three extracts of ethyl acetate, chloroform, and n-
hexane, 14 different phytochemical compounds were identified
both in R. hirtellus aerial parts and in roots. The presence of
these phytochemical ingredients from three separate extracts
was discovered in the GC/MS analysis of R. hirtellus aerial
parts (leaves and stem) and roots as listed in Tables 1 and 2.
The reported compounds belong to different classes as
depicted in Tables 1 and 2. Among these comgpounds, two
compounds have been reported with antidiabetic*° activities
and five have been reported with antioxidant™*®**** effects.
In antioxidant compounds, 2,4-di-tert-butylphenol®” is a
commercially available antioxidant as shown in Tables 1 and
2. Furthermore, out of 28 compounds, 16 have been reported
in other plants having antioxidant or antidiabetic activities, as
shown in Supporting (S) Table 1. This discovery suggests that
these chemicals might contribute to the plant’s therapeutic
quality.

Following the GC/MS analysis, we were interested in
qualitatively checking 16 different compounds in two different
extracts of plants: methanolic and aqueous. The results show
that the flavonoids, sterols, glycosides, terpenoids, sterols,
lactones, and lignin were present in the methanolic extract of
R hirtellus. Alkaloids sterols, triterpenes, glycoside, leucoan-
thocyanins, terpenoids, sterols, and lactones were present in
aqueous extracts of R. hirtellus. Carbohydrates, tannins,
saponins, amino acids, anthocyanins, and phlobatannins were
absent in both methanolic and aqueous extracts. Alkaloids,
leucoanthocyanins, and triterpenes were present in aqueous
extracts but absent in the methanolic extract, while flavonoids
and lignin were present in methanolic extracts but absent in
the aqueous extract. These newly detected compounds in R.
hirtellus suggest their potential in treating various ailments.
These compounds have been reported in several studies from
other medicinal plants.>°'

Flavonoids, tannins, and phenolic compounds possess
different pharmacological activities as discussed by antibacte-
rial, antiallergic, antidiabetic, anti-inflammatory, and anticancer
activities.””~°* Recently, research on carbohydrates also caught
interest for diabetes treatment. Polysaccharides from guava
leaves possess potential antioxidant and antidiabetic effects.®®
The results of the current study show that the flavonoids,
tannins, phenolic, and RSC contents were present at different
levels in these extracts of the R. hirtellus plant.

Many naturally occurring substances and plant extracts had
previously been found to have antidiabetic properties in
experimental studies.”**” After performing the qualitative tests,
we intended to know about the effect of extracts of these plants
on a-amylase enzyme inhibition. @-Amylase, a key enzyme in
carbohydrate digestion, plays a crucial role in managing blood
glucose levels. Inhibitors of this enzyme are under investigation
for their potential to regulate hyperglycemia by delaying
carbohydrate digestion.” All of the extracts possess a dose-
dependent a-amylase inhibitory effect. @-Amylase is secreted in
the mouth from salivary glands and duodenum from the
pancreas. Its inhibitory effect can reduce blood glucose levels
by preventing the conversion of carbohydrate polymers into
monomers in the gastrointestinal tract, particularly in the
mouth and duodenum. This inhibitory effect of crude extract
can reduce the absorption of carbohydrate monomers
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(glucose) from GIT to the blood and reduce the glucose level
in the blood.”” This a-amylase inhibitory effect might be due
to the presence of different phytochemicals in the extracts.
Additionally, there is no reported study on the a-amylase
inhibitory effect of R. hirtellus aerial parts, while the results of
the current study are similar to those of refs 68—70.°77" The
free-radical-induced oxidative stress is a recognized contributor
to degenerative diseases.” This phenomenon contributes to the
development of diabetes mellitus (DM) and a multitude of
other health conditions, impacting metabolic processes and
overall well—being.8 Antioxidants regulate free radicals and
oxidative reactions in the body,7 forming an integral part of
defense mechanisms against various diseases, including
diabetes.'’ Natural products with antioxidant properties have
gained attention in diabetes research'' due to fewer side effects
and easy availability. In the current study, the DPPH and
ABTS results, methanol, and aqueous extract show antioxidant
activity. So, the antioxidant effect of extract can prevent
pancreas damage and increase the production of insulin, which
can decrease the blood glucose level. Furthermore, it has been
described that aqueous is more effective than methanol in
extracting antioxidant compounds.”' ="

B CONCLUSIONS

R. hirtellus revealed a diverse array of phytochemicals,
including sterols, quinones, glycosides, lactones, lignin,
flavonoids, alkaloids, triterpenes, terpenoids, leucoanthocya-
nins, TTC, TPC, TFC, reducing sugar content, and 28 other
compounds. This comprehensive phytochemical profile high-
lights the rich chemical diversity present in the plant. The
extracts from aerial parts and roots showed significant
antioxidant activity, scavenging free radicals in the DPPH
and ABTS assays, indicating the presence of potent antioxidant
compounds. In vitro assay revealed dose-dependent anti-
diabetic activity in extracts of R. hirtellus through inhibition of
a-amylase activity. This indicates the potential of R. hirtellus
extracts as natural antidiabetic agents. The observed
antioxidant and antidiabetic activities of the extracts of R.
hirtellus suggest its potential as a source of natural antioxidants
and antidiabetic agents. Further investigation into the under-
lying mechanisms of action is warranted to fully understand the
therapeutic effects of R. hirtellus.

The reported plant is a novel subject for research, holding
immense potential for exploration in various fields such as
cancer, hormonal diseases, immune diseases, respiratory
diseases, and more. Its molecular mechanisms offer oppor-
tunities for studying metabolic disorders, mitochondrial
diseases, and other conditions. Hence, we strongly recommend
further exploration of this plant through different in vitro and
in vivo experiments for the mentioned diseases.

B ASSOCIATED CONTENT

@ Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acsomega.3c08631.

Figure S1: p-value of biological activities according to
their concentration; Table S1: compounds in R. hirtellus
aerial and roots parts with their direct and in-direct
antioxidant and antidiabetic effect (PDF)

B AUTHOR INFORMATION

Corresponding Authors

Bashir Ahmad — Department of Pediatrics, Affiliated Hospital
of Guangdong Medical University, 524000 Zhanjiang,
China; Department of Biology, The University of Haripur,
Haripur 22620 Khyber Pakhtunkhwa, Pakistan;

orcid.org/0000-0002-3109-704X; Email: bashir18840@

gmail.com

Jun Lu — Department of Pediatrics, Affiliated Hospital of
Guangdong Medical University, 524000 Zhanjiang, China;
Email: 1u139762@163.com

Authors

Hadiqa Ishtiaq — Department of Biology, The University of
Haripur, Haripur 22620 Khyber Pakhtunkhwa, Pakistan

Nayab Zahid — Department of Biology, The University of
Haripur, Haripur 22620 Khyber Pakhtunkhwa, Pakistan

Tayyaba Bibi — Department of Biology, The University of
Haripur, Haripur 22620 Khyber Pakhtunkhwa, Pakistan

Imran Khan — Department of Food Science and Technology,
The University of Haripur, Haripur 22620 Khyber
Pakhtunkhwa, Pakistan

Azizullah Azizullah — Department of Biology, The University
of Haripur, Haripur 22620 Khyber Pakhtunkhwa, Pakistan

Khalid Ahmad — Department of Environmental Sciences,
COMSATS University Islamabad, Abbottabad 22060
Khyber Pakhtunkhwa, Pakistan

Abduh Murshed — Department of Intensive Care Unit,
Affiliated Hospital of Guangdong Medical University,
524000 Zhanjiang, China

Shafiq Ur Rehman — Department of Biology, The University
of Haripur, Haripur 22620 Khyber Pakhtunkhwa, Pakistan

Mostafa A. Abdel-Maksoud — Botany and Microbiology
Department College of Science, King Saud University, Riyadh
11451, Saudi Arabia

Mohamed A. El-Tayeb — Botany and Microbiology
Department College of Science, King Saud University, Riyadh
11451, Saudi Arabia

Mohamed Y. Zaky — Molecular Physiology Division, Zoology
Department, Faculty of Science, Beni-Suef University, Beni-
Suef 62521, Egypt

Complete contact information is available at:
https://pubs.acs.org/10.1021/acsomega.3c08631

Author Contributions

©H.L and B.A. contributed equally to this work. BA designed
the main idea. HI, NZ, and BA performed experiments and
prepared the first draft of the paper. HI, KA, and AM.
helped in GCMS analysis. B.A, L], AA, SUR, MAA,
M.AE., and M.Y.Z. revised the manuscript and prepared the
final draft. LK. performed and analyzed the ABTS and
carbohydrate tests. H.I, B.A.,, M.Y.Z., and M.A.E. revised the
final revision of the manuscript. M.A.E. designed a new
graphical abstract.

Notes
The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We are very thankful to Higher Education of Pakistan for
financial support (grant reference number: $33/IPFP-II(Batch-
I)/NAHE/HEC/2020/126). The authors extend their appre-
ciation to the Researchers Supporting Project number

https://doi.org/10.1021/acsomega.3c08631
ACS Omega 2024, 9, 21805-21821


https://pubs.acs.org/doi/10.1021/acsomega.3c08631?goto=supporting-info
https://pubs.acs.org/doi/suppl/10.1021/acsomega.3c08631/suppl_file/ao3c08631_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Bashir+Ahmad"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://orcid.org/0000-0002-3109-704X
https://orcid.org/0000-0002-3109-704X
mailto:bashir18840@gmail.com
mailto:bashir18840@gmail.com
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jun+Lu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
mailto:lu139762@163.com
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Hadiqa+Ishtiaq"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Nayab+Zahid"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Tayyaba+Bibi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Imran+Khan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Azizullah+Azizullah"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Khalid+Ahmad"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Abduh+Murshed"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shafiq+Ur+Rehman"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mostafa+A.+Abdel-Maksoud"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mohamed+A.+El-Tayeb"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Mohamed+Y.+Zaky"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c08631?ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c08631?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

(RSPD2024R678) King Saud University, Riyadh, Saud Arabia,
and Research Support Projects Number (1057220230003 and
1005kpkjj20200047) Affiliated Hospital of Guangdong Med-
ical University, Zhanjiang, China.

B ABBREVIATIONS

WHO=World Health Organization; ROS=reactive oxygen
species; TTC=total tannin content; TPC=total phenolic
content; TFC=total flavonoid content; RSC=reducing sugar
content; GC/MS=gas chromatography mass spectrophotom-
eter; ABTS=2,2"-azino-bis (3-ethylbenzothiazoline-6-sulfo-
nate); DPPH=diphenyl-pieryl hydrazyl

B REFERENCES

(1) Preethikaa, S.; Brundha, M. Awareness of diabetes mellitus
among general population. Res. J. Pharm. Technol. 2018, 11 (S),
1825—1829.

(2) Kharroubi, A. T.; Darwish, H. M. Diabetes mellitus: The
epidemic of the century. World J. Diabetes 2015, 6 (6), 850.

(3) Adeyege, C.; Awotidebe, T.; Fasakin, O.; Afolabi, T.; Adedoyin,
R. Associations between Physical Functioning and Psychosocial
Factors in Patients with Type-2 Diabetes Mellitus. Int. . Diabetes
Clin. Res. 2021, 8, No. 136.

(4) Wild, S; Roglic, G.; Green, A; Sicree, R; King, H. Global
prevalence of diabetes: estimates for the year 2000 and projections for
2030. Diabetes Care 2004, 27 (S), 1047—1053.

(5) Dona, A. C.; Pages, G.; Gilbert, R. G.; Kuchel, P. W. Digestion of
starch: In vivo and in vitro kinetic models used to characterise
oligosaccharide or glucose release. Carbohydr. Polym. 2010, 80 (3),
599—-617.

(6) Chiasson, J.-L.; Josse, R. G.; Gomis, R.; Hanefeld, M.; Karasik,
A.; Laakso, M. Acarbose for prevention of type 2 diabetes mellitus:
the STOP-NIDDM randomised trial. Lancet 2002, 359 (9323),
2072-2077.

(7) Fadhlurrahim, A.; Syafnir, L.; Lukmayani, Y. Penelusuran Pustaka
Aktivitas Antioksidan Ekstrak Daun Cincau Hijau (Cyclea barbata
Miers) dan Daun Cincau Hitam (Mesona palustris Blume), Bandung
Conference Series: Pharmacy, 2022.

(8) Iranloye, B. Anti-diabetic and antioxidant effects of virgin
coconut oil in alloxan induced diabetic male Sprague Dawley rats. J.
Diabetes Mellitus 2013, 3 (04), 221-226.

(9) Su, P.; Ahmad, B.; Ullah, H.; Hussain, B.; Khan, S. Z.; Ahmad,
M. S; Khan, J.; Ahmad, M. Targeting cancer through autophagy with
B-Elemene and Puerarin. Am. J. Biomed. Sci. Res. 2020, 8 (1), S1-53.
Su, P.; Ahmad, B.; Ahmad, M.; Khan, J.; Wahid, F.; Ullah, H.; Husain,
B,; Khan, S. Z. Targeting Cancer through PI3K/AKT/mTOR
pathway with selected natural products (f-Elemene, Puerarin and
Gypenosides). Am. J. Biomed Sci. Res. 2020, 8 (4), 335—338. Ahmad,
B.; Mehmood, T.; Khan, M.; Ma, T. Alantolactone sensitizes H1650
lung adenocarcinoma cells to gefitinib via inhibition of STAT3
activation BioCell 2019; Vol. 43 4. Ahmad, B.; Tian, C.; Tang, J.-X,;
Dumbuya, J. S.; Li, W.; Lu, J. Anticancer activities of natural abietic
acid. Front. Pharmacol. 2024, 15, No. 1392203. Ahmad, B.; Gamallat,
Y.; Su, P.; Husain, A.; Rehman, A. U.; Zaky, M. Y.; Bakheet, A. M. H,;
Tabhir, N.; Xin, Y.; Liang, W. Alantolactone induces apoptosis in THP-
1 cells through STAT3, survivin inhibition, and intrinsic apoptosis
pathway. Chem. Biol. Drug Des. 2021, 97 (2), 266—272.

(10) Yao, H.; Yang, J.; Zhan, J.; Lu, Q;; Su, M.; Jiang, Y. Preparation,
amino acid composition, and in Vitro antioxidant activity of okra seed
meal protein hydrolysates. Food Sci. Nutr. 2021, 9 (6), 3059—3070.

(11) Gong, L; Feng, D; Wang, T.; Ren, Y,; Liu, Y; Wang, J.
Inhibitors of a-amylase and a-glucosidase: Potential linkage for whole
cereal foods on prevention of hyperglycemia. Food Sci. Nutr. 2020, 8
(12), 6320—6337.

(12) Jalal, S.; Ahmad, B.; Zhang, T.; Guo, L.; Huang, L.
SANTAMARINE: Mechanistic studies on multiple diseases. Chem.
Biol. Drug Des. 2020, 95 (4), 427—434.

(13) Kavishankar, G.; Lakshmidevi, N.; Murthy, S. M.; Prakash, H,;
Niranjana, S. Diabetes and medicinal plants-A review. Int. J. Pharm.
Biomed Sci. 2011, 2 (3), 65—80.

(14) Della Valle, A,; Dimmito, M. P.; Zengin, G.; Pieretti, S.;
Mollica, A.; Locatelli, M.; Cichelli, A.; Novellino, E.; Ak, G.; Yerlikaya,
S.; et al. Exploring the Nutraceutical Potential of Dried Pepper
Capsicum annuum L. on Market from Altino in Abruzzo Region.
Antioxidants 2020, 9 (5), No. 400. Marinaccio, L.; Zengin, G.;
Pieretti, S.; Minosi, P.; Szucs, E.; Benyhe, S.; Novellino, E.; Masci, D.;
Stefanucci, A.; Mollica, A. Food-inspired peptides from spinach
Rubisco endowed with antioxidant, antinociceptive and anti-
inflammatory properties. Food Chem.: X 2023, 18, No. 100640.

(15) Ahmad, B,; Rehman, S. U.; Azizullah, A.; Khan, M. F.; Din, S.
R. U,; Ahmad, M.; Ali, A.; Tahir, N.; Azam, N.; Gamallat, Y,; et al.
Molecular mechanisms of anticancer activities of polyphyllin VIL
Chem. Biol. Drug Des. 2021, 97 (4), 914—929.

(16) Ahmad, B.; Khan, S; Liu, Y.; Xue, M.; Nabi, G.; Kumar, S.;
Alshwmi, M.; Qarlug, A. W. Molecular Mechanisms of Anticancer
Activities of Puerarin. Cancer Manage. Res. 2020, 12, 79—90.

(17) Ahmad, B.; Gamallat, Y.; Khan, M. F,; Din, S. R.; Israr, M,;
Ahmad, M.; Tahir, N.; Azam, N.; Rahman, K. U,; Xin, W,; et al.
Natural Polyphyllins (I, II, D, VI, VII) Reverses Cancer Through
Apoptosis, Autophagy, Mitophagy, Inflammation, and Necroptosis.
OncoTargets Ther. 2021, 14, 1821—1841. Ahmad, B.; Gamallat, Y.; Su,
P.; Husain, A.; Rehman, A. U.; Zaky, M. Y.; Bakheet, A. M. H.; Tahir,
N,; Xin, Y.; Liang, W. Alantolactone induces apoptosis in THP-1 cells
through STAT3, survivin inhibition, and intrinsic apoptosis pathway.
Chem. Biol. Drug Des. 2021, 97 (2), 266—272. Su, P.; Ahmad, B.; Zou,
K,; Zou, L. f-Elemene Enhances the Chemotherapeutic Effect of S-
Fluorouracil in Triple-Negative Breast Cancer via PI3K/AKT, RAF-
MEK-ErK, and NF-kB Signaling Pathways. OncoTargets Ther. 2020,
13, 5207—-5222.

(18) Mishra, Y.; Amin, H. I. M.; Mishra, V.; Vyas, M.; Prabhakar, P.
K; Gupta, M; Kanday, R; Sudhakar, K; Saini, S.; Hromic-
Jahjefendic, A. Application of nanotechnology to herbal antioxidants
as improved phytomedicine: An expanding horizon. Biomed.
Pharmacother. 2022, 153, No. 113413.

(19) Emadzade, K; Gehrke, B,; Linder, H. P.; Hérandl, E. The
biogeographical history of the cosmopolitan genus Ranunculus L.
(Ranunculaceae) in the temperate to meridional zones. Mol.
Phylogenet. Evol. 2011, 58 (1), 4—21.

(20) Pei-Gen, X. A priliminary study of the correlation between
phylogeny, chemical constituents and pharmaceutical aspects in the
taxa of Chinese Ranunculaceae. J. Syst. Evol. 1980, 18 (2), 142.

(21) Kataki, S.; Panigrahi, G. Ranunculaceae in Assam and North
East Frontier Agency. Indian For. 1964, 90 (6), 394—400.

(22) Remanandan, P. Cytology of some W. Himalayan Ranuncu-
laceae. Cytologia 1972, 37 (2), 281—296.

(23) Kumar, P; Singhal, V. K. Ethnobotany and Ethnomedicinal
Uses, Chromosomal Status and Natural Propagation of Some Plants
of Lahaul-Spiti and Adjoining Hills. J. Bot. 2013, 2013, No. 248943.

(24) Hajra, P. Flora of India; Botanical survey of India, 1996.
Srivastava, S. Revision of Genus Ranunculus L.(Ranunculaceae) in
India. Taiwania 2010, 5SS (3), 273—314.

(25) Uniyal, S. K.; Singh, K.; Jamwal, P.; Lal, B. Traditional use of
medicinal plants among the tribal communities of Chhota Bhangal,
Western Himalaya. J. Ethnobiol. Ethnomed. 2006, 2 (1), No. 14.

(26) Singh, B.; Sharma, Y. P. Plants For Novel Drug Molecules.

(27) Sharma, H.; Kumar, A. Ethnobotanical studies on medicinal
plants of Rajasthan (India): A review. ]. Med. Plants Res. 2011, § (7),
1107—-1112.

(28) Kumari, P.; Samant, S.; Puri, S. Diversity, distribution,
indigenous uses and conservation of medicinal plants in central
Himachal Pradesh, North Western Himalaya. J. Med. Plants 2018, 6,
45—-68.

(29) Jain, S. K. Dictionary of Indian Folk Medicine and Ethnobotany;
Deep Publications, 1991.

https://doi.org/10.1021/acsomega.3c08631
ACS Omega 2024, 9, 21805-21821


https://doi.org/10.5958/0974-360X.2018.00339.6
https://doi.org/10.5958/0974-360X.2018.00339.6
https://doi.org/10.4239/wjd.v6.i6.850
https://doi.org/10.4239/wjd.v6.i6.850
https://doi.org/10.23937/2377-3634/1410136
https://doi.org/10.23937/2377-3634/1410136
https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.2337/diacare.27.5.1047
https://doi.org/10.1016/j.carbpol.2010.01.002
https://doi.org/10.1016/j.carbpol.2010.01.002
https://doi.org/10.1016/j.carbpol.2010.01.002
https://doi.org/10.1016/S0140-6736(02)08905-5
https://doi.org/10.1016/S0140-6736(02)08905-5
https://doi.org/10.4236/jdm.2013.34034
https://doi.org/10.4236/jdm.2013.34034
https://doi.org/10.34297/AJBSR.2020.08.001237
https://doi.org/10.34297/AJBSR.2020.08.001237
https://doi.org/10.34297/AJBSR.2020.08.001298Abstract
https://doi.org/10.34297/AJBSR.2020.08.001298Abstract
https://doi.org/10.34297/AJBSR.2020.08.001298Abstract
https://doi.org/10.3389/fphar.2024.1392203
https://doi.org/10.3389/fphar.2024.1392203
https://doi.org/10.1111/cbdd.13778
https://doi.org/10.1111/cbdd.13778
https://doi.org/10.1111/cbdd.13778
https://doi.org/10.1002/fsn3.2263
https://doi.org/10.1002/fsn3.2263
https://doi.org/10.1002/fsn3.2263
https://doi.org/10.1002/fsn3.1987
https://doi.org/10.1002/fsn3.1987
https://doi.org/10.1111/cbdd.13666
https://doi.org/10.3390/antiox9050400
https://doi.org/10.3390/antiox9050400
https://doi.org/10.1016/j.fochx.2023.100640
https://doi.org/10.1016/j.fochx.2023.100640
https://doi.org/10.1016/j.fochx.2023.100640
https://doi.org/10.1111/cbdd.13818
https://doi.org/10.2147/CMAR.S233567
https://doi.org/10.2147/CMAR.S233567
https://doi.org/10.2147/OTT.S287354
https://doi.org/10.2147/OTT.S287354
https://doi.org/10.1111/cbdd.13778
https://doi.org/10.1111/cbdd.13778
https://doi.org/10.2147/OTT.S242820
https://doi.org/10.2147/OTT.S242820
https://doi.org/10.2147/OTT.S242820
https://doi.org/10.1016/j.biopha.2022.113413
https://doi.org/10.1016/j.biopha.2022.113413
https://doi.org/10.1508/CYTOLOGIA.37.281
https://doi.org/10.1508/CYTOLOGIA.37.281
https://doi.org/10.1155/2013/248943
https://doi.org/10.1155/2013/248943
https://doi.org/10.1155/2013/248943
https://doi.org/10.6165/tai.2010.55(3).273
https://doi.org/10.6165/tai.2010.55(3).273
https://doi.org/10.1186/1746-4269-2-14
https://doi.org/10.1186/1746-4269-2-14
https://doi.org/10.1186/1746-4269-2-14
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c08631?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

(30) Jeelani, S. M.; Wani, M. P.; Kumari, S.; Ch, R; Siddique, M. A.
A. Ethnobotany of some polypetalous plants from the Kashmir
Himalaya. J. Med. Plants Res. 2013, 7 (36), 2714—2721.

(31) Ismail, H.; Rasheed, A.; Haq, L-u; Jafri, L.; Ullah, N.; Dilshad,
E,; Sajid, M.; Mirza, B. Five Indigenous Plants of Pakistan with
Antinociceptive, Anti-Inflammatory, Antidepressant, and Anticoagu-
lant Properties in Sprague Dawley Rats. Evidence-Based Complemen-
tary Altern. Med. 2017, 2017, No. 7849501.

(32) Thangavel, A.; Balakrishnan, S.; Arumugam, A.; Duraisamy, S.;
Muthusamy, S. Phytochemical screening, gas chromatography-mass
spectrometry (GC-MS) analysis of phytochemical constituents and
anti-bacterial activity of Aerva lanata (L.) leaves. Afr. J. Pharm.
Pharmacol. 2014, 8 (5), 126—13S.

(33) Bankar, G. R;; Nayak, P. G.; Bansal, P.; Paul, P.; Pai, K; Singla,
R. K; Bhat, V. G. Vasorelaxant and antihypertensive effect of Cocos
nucifera Linn. endocarp on isolated rat thoracic aorta and DOCA salt-
induced hypertensive rats. J. Ethnopharmacol. 2011, 134 (1), S0—54.

(34) Evans, W. C. Trease and Evans Pharmacognosy; Elsevier:
Edinburgh; New York: Saunders, 2009.

(35) Kodangala, C.; Saha, S.; Kodangala, P. Phytochemical studies of
aerial parts of the plant Leucas lavandulaefolia. Pharma Chem. 2010, 2
(5), 434—437.

(36) Xavier, J.; Johnson, N. A study on phytochemical,
pharmacological and anti-insecticidal activity of Leucas aspera
(WILLD) Linn. Int. J. Bio Pharm. Allied Sci. 2013, 2, 894—902.

(37) Singh, D.; Singh, P.; Gupta, A.; Solanki, S.; Sharma, E.; Nema,
R. Qualitative estimation of the presence of bioactive compound in
Centella asiatica: an important medicinal plant. Int. J. Life Sci. Med. Sci.
2012, 2 (1), 5-7.

(38) Ahuja, J; Suresh, J; Deep, A; Madhuri; Pratyusha; Ravi.
Phytochemical screening of aerial parts of Artemisia parviflora Roxb.:
A medicinal plant. Pharm. Lett. 2011, 3 (6), 116—124.

(39) Savithramma, N.; Rao, M. L,; Suhrulatha, D. Screening of
medicinal plants for secondary metabolites. Middle East ]. Sci. Res.
2011, 8 (3), 579—584.

(40) Akinjogunla, O.; Yah, C.; Eghafona, N.; Ogbemudia, F.
Antibacterial activity of leave extracts of Nymphaea lotus
(Nymphaeaceae) on methicillin resistant Staphylococcus aureus
(MRSA) and vancomycin resistant Staphylococcus aureus (VRSA)
isolated from clinical samples. Ann. Biol. Res. 2010, 1 (2), 174—184.

(41) Rao, M. L Savithramma, N. Phytochemical studies of
Svensonia hyderobadensis (Walp.) Mold: A rare medicinal plant.
Pharm. Lett. 2011, 3 (4), 51-58.

(42) Gibbs, R. D. Chemotaxonomy of Flowering Plants: Four Volumes;
McGill-Queen’s Press-MQUP, 1974.

(43) Haque, M. Z; Jalil, M.; Islam, M. B. Phyto-Chemical and Anti-
Bacterial Screening of Musabbar Prepared from Aloe Vera. J. Adv. Sci.
Res. 2012, 3 (4), 74—77.

(44) Pradeep, A; Dinesh, M; Govindaraj, A.,; Vinothkumar, D,;
Ramesh Babu, N. Phytochemical analysis of some important
medicinal plants. Int. J. Biol. Pharm. Res. 2014, S (1), 48—50.

(45) Tawaha, K,; Alali, F. Q.; Gharaibeh, M.; Mohammad, M.; El-
Elimat, T. Antioxidant activity and total phenolic content of selected
Jordanian plant species. Food Chem. 2007, 104 (4), 1372—1378.

(46) Kazeem, M.; Adamson, J.; Ogunwande, I. Modes of inhibition
of a-amylase and a-glucosidase by aqueous extract of Morinda lucida
Benth leaf. BioMed Res. Int. 2013, 2013, No. 527570.

(47) Selvakumar, S.; Vimalanban, S.; Balakrishnan, G. Quantitative
determination of phytochemical constituents from Anisomeles
malabarica. Bioequivalence Bioavailability 2019, 6 (1), 19-21.

(48) Krivorotova, T.; Sereikaite, J. Determination of fructan
exohydrolase activity in the crude extracts of plants. Electron. J.
Biotechnol. 2014, 17 (6), 329-333.

(49) Nikavar, B,; Yousefian, N. Inhibitory effects of six Allium
species on q-amylase enzyme activity. Iran. J. Pharm. Res. 2009, 8,
53-57.

(50) Mruthunjaya, K.; Hukkeri, V. In vitro antioxidant and free
radical scavenging potential of Parkinsonia aculeata Linn. Pharmacogn.
Mag. 2008, 4 (13), 42—51.

(51) Mingle, C. E; Newsome, A. L.An amended potassium
persulfate ABTS antioxidant assay used for medicinal plant extracts
revealed variable antioxidant capacity based upon plant extraction
process bioRxiv 2020, pp 1—-18 .

(52) Zeb, M. A,; Rahman, T. U.; Sajid, M.; Xiao, W.; Musharraf, S.
G.; Bibi, S.; Akitsu, T.; Liagat, W. GC-MS analysis and in silico
approaches of Indigofera heterantha root oil chemical constituents.
Compounds 2021, 1 (3), 116—124.

(53) Bhardwaj, M.; Sali V. K; Mani, S.; Vasanthi, H. R.
Neophytadiene from Turbinaria ornata suppresses LPS-induced
inflammatory response in RAW 264.7 macrophages and Sprague
Dawley rats. Inflammation 2020, 43, 937—950.

(54) Ogunmefun, O. T.; Ogunojemite, O. A,; Adedokun, O. A;
Olagbemide, P. T.; Kehinde, I. O.; Soliman, M. E. f-Amyrin and
Benzene-1, 2, 4-trimethyl from Euphorbia hirta L. and Nauclea
latifolia (Smith) Leaves Induce Dauer Diapause via Antagonist
Inhibition of daf-12 Receptor. 2023 DOI: 10.2139/ssrn.4332211.

(55) Ren, X. M;; Chang, R. C.; Huang, Y,; Amorim Amato, A,;
Carivenc, C.; Grimaldi, M.; Kuo, Y.; Balaguer, P.; Bourguet, W.;
Blumberg, B. 2,4-Di-tert-butylphenol Induces Adipogenesis in Human
Mesenchymal Stem Cells by Activating Retinoid X Receptors.
Endocrinology 2023, 164 (4), No. bqad021.

(56) Fahmy, N. M.; Fayez, S.; Uba, A. L; Shariati, M. A.; Aljohani, A.
S. M.; El-Ashmawy, 1. M,; Batiha, G. E.; Eldahshan, O. A,; Singab, A.
N.; Zengin, G. Comparative GC-MS Analysis of Fresh and Dried
Curcuma Essential Oils with Insights into Their Antioxidant and
Enzyme Inhibitory Activities. Plants 2023, 12 (9), No. 178S.

(87) Jalal, S.; Ahmad, B.; Zhang, T.; Guo, L.; Huang, L.
SANTAMARINE: Mechanistic studies on multiple diseases. Chem.
Biol. Drug Des. 2020, 95 (4), 427—434 From NLM..

(58) Ahmad, B.; Khan, S.; Nabi, G.; Gamallat, Y.; Su, P.; Jamalat, Y.;
Duan, P.; Yao, L. Natural gypenosides: targeting cancer through
different molecular pathways. Cancer Manage. Res. 2019, 11, 2287—
2297.

(59) Dudareva, N.; Negre, F. Practical applications of research into
the regulation of plant volatile emission. Curr. Opin. Plant Biol. 2005,
8 (1), 113—118 From NIm..

(60) Almubayedh, H.; Ahmad, R. Ethnopharmacological uses,
phytochemistry, biological activities of Debregeasia salicifolia: A
review. J. Ethnopharmacol. 2019, 231, 179—186 From NLM..

(61) Nisa, S.; Bibi, Y.; Waheed, A.; Zia, M.; Sarwar, S.; Ahmed, S.;
Chaudhary, M. F. Evaluation of anticancer activity of Debregeasia
Salicifolia extract against estrogen receptor positive cell line. Afr. J.
Biotechnol. 2011, 10 (6), 990—995. Khan, B.; Ullah, A,; Khan, M. A;;
Amin, A,; Igbal, M.; Khan, S.; Ateeq, M.; Aman, K; Aziz, A.; Khattak,
M. N. K;; et al. Anti-hyperglycemic and anti-hyperlipidemic effects of
a methanolic extract of Debregeasia salicifolia in Alloxan-induced
diabetic albino mice. Braz. J. Microbiol. 2021, 84, No. e251046.

(62) Manivannan, V.; Johnson, M. Total phenolic, tannin,
triterpenoid, flavonoid and sterol contents, anti-diabetic, anti-
inflammatory and cytotoxic activities of Tectaria paradoxa (Fee.)
Sledge. Toxicol. Rep. 2020, 7, 1465—1468.

(63) Rebaya, A; Belghith, S. L; Baghdikian, B.; Leddet, V. M,
Mabrouki, F.; Olivier, E.; Cherif, J. K; Ayadi, M. T. Total phenolic,
total flavonoid, tannin content, and antioxidant capacity of Halimium
halimifolium (Cistaceae). J. Appl. Pharm. Sci. 2015, S (1), 052—057.

(64) Mohammed, S.; Manan, F. Analysis of total phenolics, tannins
and flavonoids from Moringa oleifera seed extract. J. Chem. Pharm.
Res. 2015, 7 (1), 132—135.

(65) Luo, Y.; Peng, B.; Wei, W.; Tian, X.; Wu, Z. Antioxidant and
Anti-Diabetic Activities of Polysaccharides from Guava Leaves.
Molecules 2019, 24 (7), No. 1343.

(66) Kunyanga, C. N.; Imungj, J. K.; Okoth, M. W.; Biesalski, H. K;
Vadivel, V. Total phenolic content, antioxidant and antidiabetic
properties of methanolic extract of raw and traditionally processed
Kenyan indigenous food ingredients. LWT-Food Sci. Technol. 2012,
45 (2), 269-276.

(67) Gong, L; Feng, D; Wang, T.; Ren, Y,; Liu, Y; Wang, J.
Inhibitors of @-amylase and a-glucosidase: Potential linkage for whole

https://doi.org/10.1021/acsomega.3c08631
ACS Omega 2024, 9, 21805-21821


https://doi.org/10.1155/2017/7849501
https://doi.org/10.1155/2017/7849501
https://doi.org/10.1155/2017/7849501
https://doi.org/10.1016/j.jep.2010.11.047
https://doi.org/10.1016/j.jep.2010.11.047
https://doi.org/10.1016/j.jep.2010.11.047
https://doi.org/10.5963/LSMR0201002
https://doi.org/10.5963/LSMR0201002
https://doi.org/10.1016/j.foodchem.2007.01.064
https://doi.org/10.1016/j.foodchem.2007.01.064
https://doi.org/10.1155/2013/527570
https://doi.org/10.1155/2013/527570
https://doi.org/10.1155/2013/527570
https://doi.org/10.1016/j.ejbt.2014.09.005
https://doi.org/10.1016/j.ejbt.2014.09.005
https://doi.org/10.22037/ijpr.2010.788
https://doi.org/10.22037/ijpr.2010.788
https://doi.org/10.1101/2020.07.15.204065
https://doi.org/10.1101/2020.07.15.204065
https://doi.org/10.1101/2020.07.15.204065
https://doi.org/10.1101/2020.07.15.204065
https://doi.org/10.3390/compounds1030010
https://doi.org/10.3390/compounds1030010
https://doi.org/10.1007/s10753-020-01179-z
https://doi.org/10.1007/s10753-020-01179-z
https://doi.org/10.1007/s10753-020-01179-z
https://doi.org/10.2139/ssrn.4332211
https://doi.org/10.2139/ssrn.4332211
https://doi.org/10.2139/ssrn.4332211
https://doi.org/10.2139/ssrn.4332211
https://doi.org/10.2139/ssrn.4332211?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1210/endocr/bqad021
https://doi.org/10.1210/endocr/bqad021
https://doi.org/10.3390/plants12091785
https://doi.org/10.3390/plants12091785
https://doi.org/10.3390/plants12091785
https://doi.org/10.1111/cbdd.13666
https://doi.org/10.2147/CMAR.S185232
https://doi.org/10.2147/CMAR.S185232
https://doi.org/10.1016/j.pbi.2004.11.007
https://doi.org/10.1016/j.pbi.2004.11.007
https://doi.org/10.1016/j.jep.2018.11.023
https://doi.org/10.1016/j.jep.2018.11.023
https://doi.org/10.1016/j.jep.2018.11.023
https://doi.org/10.1590/1519-6984.251046
https://doi.org/10.1590/1519-6984.251046
https://doi.org/10.1590/1519-6984.251046
https://doi.org/10.1016/j.toxrep.2020.10.013
https://doi.org/10.1016/j.toxrep.2020.10.013
https://doi.org/10.1016/j.toxrep.2020.10.013
https://doi.org/10.1016/j.toxrep.2020.10.013
https://doi.org/10.7324/JAPS.2015.50110
https://doi.org/10.7324/JAPS.2015.50110
https://doi.org/10.7324/JAPS.2015.50110
https://doi.org/10.3390/molecules24071343
https://doi.org/10.3390/molecules24071343
https://doi.org/10.1016/j.lwt.2011.08.006
https://doi.org/10.1016/j.lwt.2011.08.006
https://doi.org/10.1016/j.lwt.2011.08.006
https://doi.org/10.1002/fsn3.1987
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c08631?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega http://pubs.acs.org/journal/acsodf

cereal foods on prevention of hyperglycemia. Food Sci. Nutr. 2020, 8
(12), 6320—6337.

(68) Nair, S. S.; Kavrekar, V.; Mishra, A. In vitro studies on alpha
amylase and alpha glucosidase inhibitory activities of selected plant
extracts. Eur. J. Exp. Biol. 2013, 3 (1), 128—132.

(69) Ali, H; Houghton, P.; Soumyanath, A. @-Amylase inhibitory
activity of some Malaysian plants used to treat diabetes; with
particular reference to Phyllanthus amarus. J. Ethnopharmacol. 2006,
107 (3), 449—455.

(70) Kamtekar, S.; Keer, V.; Patil, V. Estimation of phenolic content,
flavonoid content, antioxidant and alpha amylase inhibitory activity of
marketed polyherbal formulation. J. Appl. Pharm. Sci. 2014, 4 (9),
61—-68.

(71) Anyasor, G. N.; Ogunwenmo, O.; Oyelana, O. A.; Akpofunure,
B. E. Phytochemical constituents and antioxidant activities of aqueous
and methanol stem extracts of Costus afer Ker Gawl.(Costaceae). Afr.
J. Biotechnol. 2010, 9 (31), 4880—4884.

(72) Archie, S. R,; Das, B.; Hossain, M.; Kumar, U.,; Rouf, A. S.
Synthesis and antioxidant activity of 2-substituted-5-nitro benzimida-
zole derivatives. Int. J. Pharm. Pharm. Sci. 2016, 9 (1), 308—310.

(73) Habila, J; Bello, 1; Dzikwe, A, Ladan, Z.; Sabiu, M.
Comparative Evaluation of Phytochemicals, Antioxidant and Anti-
microbial Activity of Four Medicinal Plants Native to Northern
Nigeria. Aust. J. Basic Appl. Sci. 2011, 5, 537—543.

21821

https://doi.org/10.1021/acsomega.3c08631
ACS Omega 2024, 9, 21805-21821


https://doi.org/10.1002/fsn3.1987
https://doi.org/10.1016/j.jep.2006.04.004
https://doi.org/10.1016/j.jep.2006.04.004
https://doi.org/10.1016/j.jep.2006.04.004
https://doi.org/10.7324/JAPS.2014.40911
https://doi.org/10.7324/JAPS.2014.40911
https://doi.org/10.7324/JAPS.2014.40911
https://doi.org/10.22159/ijpps.2017v9i1.14972
https://doi.org/10.22159/ijpps.2017v9i1.14972
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c08631?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

